3 resolution mass spectra were obtained at the Vincent Coates Mass Spectrometry Laboratory, Stanford, CA 94305.
Materials for biological evaluation (buffer reagents, solvents, disposable equipment, etc.) were obtained from Fisher Scientific. Phosphatidylserine was obtained from Avanti Polar Lipids (bovine brain PS in chloroform) or the NOF corporation (DOPS-Na, bovine, solid), and vesicles were created (as described further below) using a Branson Sonifier. Synthetic peptide was obtained from Anaspec and was initially compared to a sample provided by Prof. Kazuhiro Irie to verify its viability. Radiation counts were measured on a Beckman-Coulter LS 6500 MultiPurpose Scintillation Counter with the samples being suspended in RPI Bio-Safe II Biodegradable Counting Cocktail.
Synthesis of [ 13 C, 2 H 3 ]Phorbol 12,13-Diacetate
In a dry flask under an atmosphere of nitrogen, phorbol (5, 190 mg, 0.52 mmol) was dissolved in 2.6 mL dry CH 2 Cl 2 and 1.3 mL pyridine (freshly distilled over CaH 2 ). Imidazole (160 mg, 2.3 mmol) was added in one portion. In a separate dry vial under N 2 , TBSCl (120 mg, 0.78 mmol)
was dissolved in 1.0 mL dry CH 2 Cl 2 . This solution was transferred into the phorbol/imidazole solution via syringe over the course of 1 minute. This transfer was quantified with 300 µL dry CH 2 Cl 2 . The reaction mixture became cloudy, and after 40 minutes stirring at room temp, the starting material was consumed as monitored by TLC. The reaction was concentrated under a stream of nitrogen; much of the pyridine remained after ~5 min. The resulting solution was transferred directly onto a silica column for purification by flash chromatography (1→8% MeOH:CH 2 Cl 2 , 1% increments, PhMe was used to load residual crude product). 
Ligand Binding Assay and Preparation of Materials
A radioligand binding assay using [ 
K d Determinations
The following was added to a 1.5 mL polypropylene microcentrifuge tube stored on ice: 155.5
µL 50 mM Tris-maleate buffer pH 7.4 ("buffer"); 75 µL 10 mg/mL bovine γ-globulin in buffer; DMSO; 12.5 µL 1 mg/mL PS vesicles from above; Following a linear fit of the data, the slope is equal to -1/K d and examining the R 2 value reveals the goodness of fit (Table S1 ).
Optimization of the Lipid:Peptide Ratio for NMR Sample Preparation
The influence of the lipid:peptide ratio was examined in order to select conditions for the NMR sample preparation that best recapitulate the behavior of ligand-bound peptide in the binding assay described above, and to maximize the NMR sensitivity of the experiment by employing the highest peptide content possible. Table S1 summarizes the results in varying lipid:peptide ratios. It appeared that a 50:1 ratio was the minimal amount of lipid that could be used while maintaining a high affinity for the ligand. It was also demonstrated that the cryoprotectant trehalose, necessary for vesicle integrity upon lyophilization, had no effect on binding.
NMR Sample Preparation
Large-scale lyophilized solid-state samples were prepared with the goal of obtaining 220 mg of final lyophilized sample to be loaded into a 5-mm thin-wall rotor. Table S2 lists the components added in the order they were mixed.
The order of addition corresponds exactly with that employed in the centrifugation assay.
A total volume of 55.8 mL was elected for sample preparation to maintain the peptide concentration normally employed (172 µM when folding the peptide for the centrifugation assay).
Within this 55.8 mL, the volume was divided into its typical percentages of solvent, including 48% ultrapure water, 2% DMSO, and 50% 50 mM Tris-maleate buffer, according to the centrifugation assay protocol. Briefly, PS vesicles were prepared as described previously (needle-nose sonication) in a 50 mL falcon tube with the volume shown in and then by a 2-kW Creative Electronics tube amplifier. AMT amplifiers (2 kW) were used for 13 C and 2 H pulses. In all the NMR experiments, 71 kHz pulses (7 µs for π pulses) were used for 1 H, 13 C and 2 H, and the proton decoupling strength was 80 kHz. 100 kHz pulses (5 µs for π pulses) were used for 19 F. Matched cross-polarization transfers were made at 71 kHz in 1.5 ms in the C{D}, C{F}, D{F} REDOR and 13 C CPMAS experiments. Adamantane was used as an external 13 C chemical shift reference. 5 Spinning rates were actively controlled to 7143±2 Hz. All RF pulse amplitudes were under active control (H 1 control) to eliminate long-term drifts due to component aging or changes in temperature. 6 Additionally, alternating scans of S 0 and S were acquired to compensate for short-term drift. XY-8 phase cycling 7 was used for all refocusing and dephasing pulses.
CPMAS and REDOR NMR Experiments
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REDOR Calculations
REDOR dephasing for C-F and D 3 -F systems was calculated using the analytical expression of triangle. For the calculation, a fit of ΔS/S 0 as a function of dephasing time yielded the dipolar coupling constant and hence the internuclear distance.
Molecular Dynamics Simulations
Structure Preparation. The starting structures for molecular dynamics simulations of the PKCδ C1b-bryolog 1 complex and embedded in the membrane were taken from a recent study of ours examining the role of different ligands in the interactions of the PKCδ C1b-ligand complex with the membrane. 12 In this way, the starting structures of the bryostatin simulations were directly modified to convert into bryolog 1, replacing the C13 ester with a fluorine and the hydrogen germinal to the ester with an ester itself, and changing the C20 octadienoate into a saturated octanoate. Thus, the starting configuration was of the labelog bound to the PKCδ C1b domain and at various levels of penetration into a phospholipid membrane. Ligand parameters for all simulations were found using Antechamber and the general amber force field (GAFF), 13, 14 and converted to gromacs format using acpype. 15 Lipid parameters were derived from the Stockholm lipid (Slipid) parameters. 16 The headgroup parameters of dioleoyl phosphatidylserine (DOPS) and the fatty acid parameters of palmitoyloleoylphosphatidylglycerol (POPG) were combined to yield the palmitoyloleoyl phosphatidylserine (POPS) parameters which were used. A membrane of 128 POPS monomers was assembled using PACKMOL.
17
Simulation details. All simulations were performed using GROMACS 4.5.3 18 on the distributed computing platform Folding@home. 19 The AMBER99SB-ILDN 20 force field was used for proteins, GAFF 13 for ligands, Slipids parameters for lipids, and TIP3P 21 for water. This system was then solvated in an orthorhombic box where the dimensions were set by the x and y lengths of the bilayer, and such that water extended at least 1 nm from any heavy atoms in the z direction; 127 waters were replaced with Na + ions to neutralize the charges on both the protein and the phospholipids for a total of ~35000 atoms for each of the systems. All simulations were run with a 2 fs timestep. Structures were minimized using steepest descent with a cutoff of 1000 kJ/(mol x nm). Pressure was controlled semi-isotropically using the Parrinello-Rahman barostat, 22 with a time constant of 10 ps, a reference pressure of 1 bar in both the x-y and z dimensions, and an isothermal compressibility of 4.5 × 10 −5 /bar. All bonds were constrained using LINCS, 23 and long-range electrostatic interactions were treated using Particle-Mesh Ewald (PME), 24 with cubic interpolation and 0.12 nm grid spacing. Dispersion correction was turned off, On each of these featurizations, we performed a tICA analysis. 29 We measured the four most slowly decorrelating linear combinations of these features, using a tICA lag time, t, between 0.5 ns and 5 ns and an L2 regularization strength gamma, g, between 10 -1 and 10 -10 . These tICs were then clustered into k states using the mini-batch k-means clustering method. 30 Using this clustering, Markov state models (MSMs) were built using lagtime of 4.5 ns. In order to determine optimal values for t, g, and k of the model, we sought to maximize the eigenvalues of our MSM, in accordance with the variational formulation of kinetics introduced by Nüske and Noé. 31 However, we were also cognizant that overfitting, arising for example due to an overly large value for k or overly small of a value for g, could pose a risk. For this reason, we selected these values by cross-validation using the variational GMRQ objective function described by
McGibbon and Pande, 32 which assesses how well the MSMs maximize a variational criterion evaluated on data that was held out during the fitting of the model. This optimization was managed by osprey (available at https://github.com/pandegroup/osprey), a tool for hyperparameter optimization of algorithms in machine learning.
Each iteration of the optimization involved building an MSM using a random subset of the data (the training set) and evaluating how slowly the first six eigenvectors of the MSM decorrelate when measured against the remaining subset of the data (the training set). Those that decorrelate the most slowly have the highest GMRQ scores and can be considered the "best"
MSMs. n/a n/a 
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